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Studies on Ecosystem Health Evaluation Based on Fuzzy
Mathematics Method in Karst Areas
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Mountain Resources, Guizhou Academy, Guyang 550001, China; 3. Geography Science Institute,
Chongging Normal University, Chongging 400047, China)

Abstract: The evaluation method of karst ecosystem health was emphatically discussed. By qualitative and
quantitative analysis, a set of relatively integrated evaluation indexes system was brought forth. Moreo-
ver, entropy was employed to give indexes weight, and fuzzy mathematics was utilized to establish the e
valuation model T hen the situation of karst ecosystem health in Bijie area was studied as a case. The re
sults indicated that the Bijie area in the karst ecosystem health functions belong to the structure of the sulb-
health, sustainable use of capacity belong to the unhealthy state, dynamic change belong to the healthy
state. Subsequently, by contrastive evaluation with Guilin, Kunming as the reference karst areas, the inte
grated conditions of karst ecosystem health of these four areas followed as the sequence: Guilin> Kunming
> Bijie area. Consequently, the evaluation could made clear the condition and influencing factors of karst
ecosystem health of Bijie area. The health gap between Bijie area and the other three karst areas provided a
scientific basis for programming and protecting of karst ecology of Bijie area.

Key words: karst ecosystem health; evaluation index; evaluation model; Bijie area
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, (1
1 2003- 2006
2003 2004 2005 2006

01 /% 1.25 1.54 1.95 2.12
02 ! % 33.92 32.52 33.92 34. 84
03 /" m? 86.606 99.598 122. 714 74. 503
04 / 3011 3011 3011 3011
05 /% 0.29 0.2 0.35 0. 27
06 ! % 23.28 20. 6 26. 67 24. 61
07 ! % 13.54 13.58 13.6 13.58
08 /% 3.14 3.08 3.02 2. 96
09 /% 0.93 0.7 1.13 0. 95
10 ! % 73.3 73.3 73.3 73.3
11 / % 93 93 93 93
12 /h 1341. 12 1339.35 1084.8 1345.24
13 /C 13.39 13.38 13.25 13.34
14 /( kge m ) 0.33 0.38 0.39 0.39
15 /(¢ km™?) 262. 85 266 273.47 275.88
16 ! % 14.87 15.43 16. 14 17. 85
17 / w’ 217.765 237.165 229.78 218. 381
18 / kg 288.2 334. 04 340.08 342.94
19 /m? 16.36 17.91 19. 46 21.01
20 (m?/ ) 510. 41 511. 08 502.51 498.97
21 ! % 93.06 92.87 92. 89 92.8
» / km 11.03 14.78 10. 02 17. 15
23 (m*/ ) 1654. 34 1393 1020 1020
24 ! % 37.01 36.71 40 36. 11
25 ! % 21.61 32.07 35.13 38.2
26 ! % 59.84 69.92 80 90. 08
27 / km? 815. 59 772. 41 665. 67 754.65
28 (kWe h/ ) 31.87 36.33 33.71 38. 62
29 /MW 981.5 1034.9 1399.5 1641.4
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2003 2004 2005 2006
30 (GDP)/ ( * km-2) 58.7 72.24 86. 03 100.77
31 GDP /% 52.39 49.72 48. 33 39. 84
32 GDP /% 31.28 29.57 30. 32 29.92
33 GDP /% 0.77 0.98 1.23 1. 41
34 I =ah 1460 1665 1876 2137
35 / %o 1.2 8.17 9.74 8. 88
36 /% 64.5 62.7 61.1 60. 21
37 / w’ 0.03 0.03 0.08 0. 07
38 1% 5.63 5.71 5.77 5.8
39 1% 9.45 9.7 10. 68 15.1
40 (m®/ ) 128 135 143.5 153
41 / m’ 3.65 3.52 3.15 3.76
4 /(m?®* hm™ ?) 4635 7980 7755 8580
43 pH 6.75 6.78 7 6. 89
44 /dB 56. 4 54.95 53.35 50.2
45 /(t* km?) 9.49 7.02 7.8 7.09
46 t 366. 65 358. 44 233.98 304.67
47 /(mg* m~3) 0.045 0.065 0.067 0. 07
48 /% 78 7 74 85. 47
49 /( kg* hm=2) 460. 4 484. 31 497.62 516.84
1.2.2 #ARE R Tk 2
1% 1%
1 30.002 65. 221 65.221
. ’ 2 9.180 19. 958 85.178
(Factor Analysis) 3 6.818 14. 822 100. 000
’ (4)
’ ( ) ,
SPSS
(1) 2003- 2006 ,
(Y , ( 3)
(2 , (5) (
’ ) (
1
: )
X— Xmin
Y= —+ (1)
Xmax— Xmln s ,
@ o
X— Xmin UL
Y: 1_ Xmax— Xmin ( 2) &=" ktzzlyv ln‘,y?. (3)
:Xmﬂx ;Xmin ’ k> 0’ y” - ’ k: 1/ h’l”l,
0<e <1, yi 0, 0.000 01
(3) SPSS , J
, > wi= 2= (4)
85% : 2d;
302 ,di= 1- e X
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1.3 )
2
[2326]
2
5 s . 20%
3) , 20%
( .
[27]
) ( 3)
3
01 1% <5 5~ 10 10~ 15 15~ 20 > 20
02 1% <5 5~ 10 10~ 15 15~ 20 > 20
03 1% <5 5~ 10 10~ 15 15~ 20 > 20
o /h < 700 700~ 1100 1100~ 1500 1500~ 1900 > 1900
05 1% <38 8~ 12 12~ 15 15~ 20 > 20
06 ! % <38 8~ 26 26~ 44 44~ 65 > 65
07 (n13/ ) < 200 200~ 800 850~ 1450 1450~ 2050 > 2050
08 /( *km 2) > 10000 5000~ 10000 1000~ 5000 600~ 1000 < 600
(0% /(kge* m™ 2) <03 0.3~ 0.675 0. 675~ 1.0491. 049~ 1.424 > 1.424
10 1% > 60 50~ 60 40~ 50 30~ 40 < 30
1 (GDP)( * km™ 2 <400 400~ 900 900~ 1400 1400~ 1900 > 1900
12 GDP ! % <15 15~ 25 25~ 35 35~ 45 > 45
13 GDP ! % <05 0.5~ 1.5 1.5~ 2.5 2.5~ 3.5 > 3.5
14 ! % < 30 30~ 40 40~ 50 50~ 60 60~ 100
15 /% <30 30~ 40 40~ 50 50~ 60 60~ 100
16 /% <30 30~ 40 40~ 50 50~ 60 60~ 100
17 ! % < 40 30~ 40 20~ 30 10~ 20 0~ 10
18 / Yo > 14 11~ 14 8~ 11 5~ 8 <5
19 /% > 70 50~ 70 30~ 50 20~ 30 <20
20 /(m3‘ hrrfz) > 1300 900~ 1300 600~ 900 300~ 600 < 300
21 pH <40 4.0~43 4346  4.6-5 >5.0
2 /(mgem 3) >0.25 02025 0.150.2 0.1~0.15 <01
23 /(kg* hm~ 2) > 1300 950~ 1300 600~ 950 250~ 600 < 250
1.4 = (Wi, Wa, W3); U——
, Ur Un Uin
(Fuzzy M athematics) Un  Ux Uz
U= (6)
2
Uml U m2 U mn,
2
2829
(28291 ) U — m
,m= 3, n=
’
2 ,
Z=W-+U (5) (1)
s Z— s W— boxi<sin
3 rit=1,ri2= ris=ria=ris=0 (7)
n'4 @ Sij <xigi‘j+l
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p e S SU g Uvonl SSI6 7 Uy; 1TS<2
Sij+ 1— Sij ,Tij U3]
rij= 1-rijqe1(j=1,2,34) (9)
W x> sis 2 i{ﬁﬂﬁﬂ?ﬁ
ris= 1, ri2=ri3= ri4= ri1= Q (10)
(2) ) i
! xi> Sil 35%,
rii= 1, ri2=ri3= ris= ris= 0 (11)
@ sier Sai Ssi ’
Tij+1= S_if'i_l—Si/S.i,j (12) 7
rij= 1-rijqe1(j=1,2,34) (13) 2.1
) xi< sis ()- (4, 2006
ris= 1, ri2=ri3= ris= ri1= 0 (14) ( 4 , 23
S e | j s R
sxi—— 1 ;S T "
j 1610, rij Wi( 5)
4 2006
01 ! % 25.42 24.61 21.60
02 ! % 14.53 13.58 19.37
03 ! % 2.09 0.95 8.67
04 /h 1204.30  1345.24 2271.00
05 ! % 15.36 2.12 13.39
06 [ % 66.50 34.84 51.20
07 (m*/ ) 8040.00  1020. 00 812.00
08 /(o km™?) 179.54  275.88  292.78
09 /(kg® m~?) 0. 79 0.39 0.28
10 ! % 34.00 17.85 58.99
11 (GDP)/( * km™?) 22.63  100.77  572.59
12 GDP ! % 38.70 29.92 46.50
13 GDP ! % 3.52 1.41 2.85
14 [ % 93.03 36.11 37.84
15 ! % 97.13 38.20 89.20
16 ! % 95.19 90.08 90.90
17 ! % 41.40 60.21 34.00
18 ! Yoo 6. 88 8.45 6.47
19 (%) 39.20 5.82 15.20
20 ( / )/(m®+ hm=2) 1233.00 1032.67 2112.44
21 pH 5.24 6.89 6.24
22 /(mg* m?) 0. 03 0.07 0.09
23 /(kg* hm™?) 723.98  516.84  647.28
:2007 . 2006 2006
2.2 (5),
2006 4) (7)- (14),
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0.2358 0.0894 0. 3449
Us=0.1463 0.3994 0.2971
0. 1064 0.1920 0. 1442

>

0.1347 0. 1952
0. 0000 0. 1572
0.3087 0. 2487

1)

01
02
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05
06
07
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. 10780
. 09485
09659
09837
11380
08965
11794
09642
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. 09419
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. 14627
. 14880
. 16374
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17
18
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21
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. 14772
. 15701
. 14787
15990
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1.0
0.8}
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0.2
0
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1 2006

>

: W= (0.43564, O 26401, 0. 30035),

G A

0. 201 3
0.2020

0.272 0
2.3

20006
4)

0. 0966
Ua= | 0. 1389

0. 1441

0. 0712
Um=]0. 0252

0. 1599

0. 0404
0.0074
0.1636
0.2523
0. 2600
0.1329

CoiVil: il
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(5),

0. 151 4
0.173 3

0. 2656
0. 0193
0. 2670
0. 2065
0. 07%
0. 0944

0. 3208 0. 2767
0. 1295 0. 7049
0. 2840 0. 141
0.2607 0.2094
0.2582 0.3771
0. 4102 0. 202

0.349 1 0.259 2 0. 201 0
0. 068 7 0. 122 0;
0.251 6 0.304 9 0. 139 3
0.2185 0.0857( 2
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% ]
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et
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B =55— (15)

2 k: 27

(15), 3
:B" = (3. 0620, 4. 1098,
3. 6811), ,B < 1.5 , L5
<B <25 ,2.5<B <3.5 ;
3.5¥B < 4.5 ,B" 4.5 ,

1
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